Phenotypic enhancement of thymidylate synthetase pathway inhibitors following ablation of Neil1 DNA glycosylase/lyase.
Inhibition of thymidine biosynthesis is a clinically-validated therapeutic approach for multiple cancers. Inhibition of thymidylate synthetase (TS) leads to a decrease in cellular TTP levels, replication stress and increased genomic incorporation of uridine (dUMP). Thus, inhibitors of this pathway (such as methotrexate) can drive a multitude of downstream cell cycle checkpoint and DNA repair processes. Genomic dUMP is recognized by the base excision repair (BER) pathway. Using a synthetic lethal siRNA-screening approach, we systematically screened for components of BER that, when ablated, enhanced methotrexate response in a high content γ-H2A.X bioassay. We observed specific ablation of the mixed function DNA glycosylase/lyase Neil1 phenotypically enhanced several inhibitors of thymidine biosynthesis, as well as cellular phenotypes downstream of gemcitabine, cytarabine and clofarabine exposure. These synthetic lethal interactions were associated with significantly enhanced accumulation of γ-H2A.X and improved growth inhibition. Significantly, following TS pathway inhibition, addition of exogenous dTTP complemented the primary Neil1 γ-H2A.X phenotypes. Similarly, co-depletion of Neil1 with Cdc45, Cdc6, Cdc7 or DNA polymerase β (PolB) suppressed Neil1 phenotypes. Conversely, co-depletion of Neil1 with the Rad17, Rad9 ATR, ATM and DNA-PK checkpoint/sensor proteins appears primarily epistatic to Neil1. These data suggest Neil1 may be a critical mediator of BER of incorporated dUMP following TS pathway inhibition.